Terpenoids, naturally occurring compounds derived from isoprene units present in pine oleoresin, are a valuable source of chemicals used in solvents, fragrances, flavors, and have shown potential use as a biofuel. This paper describes a method to extract and analyze the terpenoids present in loblolly pine saplings and pine lighter wood. Various extraction solvents were tested over different times and temperatures. Samples were analyzed by pyrolysis-molecular beam mass spectrometry before and after extractions to monitor the extraction efficiency. The pyrolysis studies indicated that the optimal extraction method used a 1:1 hexane/acetone solvent system at 22°C for 1 h. Extracts from the hexane/acetone experiments were analyzed using a low thermal mass modular accelerated column heater for fast-GC/FID analysis. The most abundant terpenoids from the pine samples were quantified, using standard curves, and included the monoterpenes, α-and β-pinene, camphene, and δ-carene. Sesquiterpenes analyzed included caryophyllene, humulene, and α-bisabolene. Diterpenoid resin acids were quantified in derivatized extractions, including pimaric, isopimaric, levopimaric, palustric, dehydroabietic, abietic, and neoabietic acids.
valuable source of chemicals with many industrial applications (Beglinger, 1958; Martin et al., 2002; Monteiro and Veloso, 2004; Bohlmann and Keeling, 2008; Harvey et al., 2009; RodriguesCorrêa et al., 2012) . Turpentine is composed of monoterpenes and is used in the flavor and fragrance industry (Bohlmann and Keeling, 2008; Rodrigues-Corrêa et al., 2012) . Other uses for terpenoid compounds have been found in pharmaceutical, cosmetics, and polymer industries (Beglinger, 1958; Bohlmann and Keeling, 2008; Rodrigues-Corrêa et al., 2012) . Monoterpenes and sesquiterpenes have also been investigated as potential sources of renewable fuel (Monteiro and Veloso, 2004; Harvey et al., 2009; Peralta-Yahya et al., 2011; Renninger et al., 2011; Meylemans et al., 2012; Rodrigues-Corrêa et al., 2012; Hellier et al., 2013; Vallinayagam et al., 2014) .
Efforts have been made to understand the genetic, ecological, and physicochemical processes behind the production and accumulation of terpenoids in pine and other feedstocks (Nerg et al., 1994; Manninen et al., 2002; Martin et al., 2002; Bojovic et al., 2005; Schmidt et al., 2011; Achotegui-Castells et al., 2013; Susaeta et al., 2014) . For this type of research, it is important to accurately measure the terpenoid content in biomass to be able to compare the variables potentially affecting terpenoid production and accumulation. With the wide variety of uses and applications of terpenoid components as well as the biological variability associated with their formation, development of rapid analytical methods used to characterize terpenoids and measure their abundance in the biomass is becoming increasingly important.
Currently, analytical methods primarily use hexane or other non-polar solvents to extract terpenoid components from pine and other biomass sources and GC/MS to identify and quantify the components of the extract (Lewinsohn et al., 1993; Manninen et al., 2002; Bojovic et al., 2005; Thompson et al., 2006; Varming et al., 2006; Ormeño et al., 2007 Ormeño et al., , 2010 Zhao et al., 2010; AchoteguiCastells et al., 2013) . There have been other methods and solvents used to extract and quantify terpenoids in biomass, including accelerated solvent extraction, dynamic headspace analysis as well as the use of methyl tert-butyl ether and derivatization agents during extraction (Martin et al., 2002; Varming et al., 2006; Fojtová et al., 2008; Zhao et al., 2010) . Several terpenoids are available to be used as standards for quantitation, whereas the abundance of others are estimated based on assumption of response factors relative to internal standards (Martin et al., 2002; Varming et al., 2006; Ormeño et al., 2007 Ormeño et al., , 2010 Fojtová et al., 2008; Zhao et al., 2010; Achotegui-Castells et al., 2013) . However, the more polar resin acids, such as abietic, dehydroabietic, neoabietic, palustric, pimaric, and isopimaric acid, are not accounted for in their entirety from hexane (or other non-polar) extractions, especially without derivatization prior to GC analysis, and constitute large fractions of pine oleoresin (Martin et al., 2002; Keeling and Bohlmann, 2006) . Accelerated solvent extractions require the use of high temperatures and pressures and reported methyl tertbutyl ether extractions are tedious and time consuming (Martin et al., 2002; Fojtová et al., 2008) . Additionally, most methods require multiple types or steps of extractions to remove different types of terpenoids or utilize equipment, such as shaker tables and Soxhlet extractors. Currently, there is not a high-throughput technique that successfully extracts and accurately measures both the polar and non-polar most abundant terpenoid contents in pine or other biomass samples.
The goal of this investigation was to develop a rapid, accurate, screening method using an optimized solvent system to quantify the abundant terpenoids in pine biomass. This technique can be used to compare biomass genetic transformations, biological variation, and the effects of physical and chemical treatments on plants in order to screen for desired genetic constructs and treatments. The method minimizes the use of specialized equipment such as a Soxhlet apparatus or shaker table and does not require multiple extraction steps or labor-intensive treatment of the biomass, such as grinding. Implementation of this method allows rapid screening of pine samples based on terpenoid content; which directly affects the potential of the pine to be used as a source of renewable fuels and chemicals.
We evaluated the effects of the solvent type, time, and temperature used in the extractions. In an effort to develop a more rapid method, a low thermal mass modular accelerated column heater (LTM MACH) GC/FID, also known as ballistic or fast-GC, was used to analyze the extracted components using a 3.5 min GC method. Fast-GC is a method that has been used to successfully and rapidly analyze many types of samples, including petroleum products, natural oils, and plant extracts (Luan and Szelewski, 2008; Firor, 2011) . Pyrolysis-molecular beam mass spectrometry (py-MBMS), a technique used to study biomass components based on their pyrolyzate profiles, (Evans and Milne, 1987; Sykes et al., 2009 ) was also used to supplement the analysis of the terpenoid components of the pine samples before and after extractions in order to quantify extraction efficiency.
MaTerials anD MeThODs

Preparation of calibration standards
Terpenoid calibration standards were obtained from Sigma Aldrich, Alfa Aesar, CanSyn Chem. Corp., and purified bisabolene was provided by the Joint BioEnergy Institute, Emeryville, CA, USA. Calibration standards (5-400 μg/mL) were prepared in hexane/acetone (v/v, 1:1) and hexadecane was used as an internal standard (1 mg/mL in hexane/acetone (1:1) stock solution). Figure 1 shows the terpenoid compounds that were calibrated in this method. Trimethylsilyl derivatives of resin acids (pimaric, levopimaric, isopimaric acid, neoabietic acid, abietic acid, palustric acid, dehydroabietic acid) were prepared by making serial dilutions of the resin acids in hexane/acetone (1:1) and derivatizing each standard individually using N,O-Bis(trimethylsilyl) trifluoroacetamide (BSTFA) reagent purchased from Sigma Aldrich. Stearic and palmitic acids were also calibrated for on the GC and derivatized using BSTFA. Calibration standards were prepared by adding 500 μL of each calibration stock to a GC vial with 100 μL of internal standard stock solution and 100 μL BSTFA reagent (BSTFA for diterpenoids only). The mixture was briefly purged with nitrogen and heated to 75°C for 1 h prior to analysis by GC/FID. To validate the calibrations, 1 mg of four different samples of slash pine oleoresin were dissolved in 2 mL of the hexane/acetone solvent. Fast-GC analysis was performed on each oleoresin sample using a 500 μL underivatized aliquot with 50 μL of hexadecane internal standard stock solution and a 500 μL aliquot that was derivatized by adding to 50 μL internal standard, and 100 μL BSTFA reagent with brief nitrogen purging and heating to 75°C for 1 h prior to analysis by GC/FID. Trace terpenoids for which standards do not exist were not included in the calibration. However, they could be included when standards become available.
gas chromotography
An Agilent 6890 GC/FID was used to analyze the terpenoid calibration standards, derivatized pine resin, and the extracted samples from pine lighter wood (PLW) and loblolly pine sapling samples. The GC was equipped with an Agilent 10 m × 0.10 mm × 0.10 μm DB-5 column LTM module used in a Gerstel MACH unit. The LTM column was connected to the inlet and the detector by 0.5 m of 0.10 mm fused silica deactivated transfer lines. The inlet was run in splitless mode at 250°C and the column flow was 0.6 mL/min. The GC oven was isothermal at 250°C and the detector temperature was 250°C. The LTM oven program began at 60°C for 0.75 min and was ramped to 325°C at a rate of 150°C/min and held at the final temperature for 1 min for a total run time of approximately 3.5 min. The rapid nature of this method does not differentiate isomers, for example (+) and (−) α-pinene, and developed for screening large sample sets of pine for total terpenoid content.
extraction of Terpenoids from Pine lighter Wood
Pine lighter wood was used to optimize extraction conditions because of its high terpenoid content. PLW samples were air dried to 5 wt% water and Wiley milled to 20 mesh particle size. Four extraction solvent systems were tested to determine the solvent that yielded the maximum amount of terpenes extracted from the PLW: hexane (H), hexane:acetone (v/v, 1:1), hexane:diethyl ether (v/v, 1:1), and hexane:ethyl acetate (v/v, 1:1). Approximately 10 mg of ground PLW was added to a 4 mL borosilicate glass vial and 2 mL of extraction solvent. Vials were then stored at temperatures of either −22, 2, or 22°C for times of either 0.25, 1, 5, or 24 h to evaluate the influence of time and temperature on each solvent extraction system. The solvent was transferred to another vial using a pipette and the biomass was dried in a vacuum oven at 40°C overnight. Next, 4 mg of the dried biomass was added to Frontier pyrolyzer cups with Type A/D glass fiber filters for py-MBMS analysis. Unextracted PLW samples were also prepared for py-MBMS analysis.
The extract solvent containing the terpenoid components was then aliquoted for separate analysis of mono-/sesquiterpenoids and resin acids. Mono-and sesquiterpenoids were analyzed by combining neat solvent extract with hexadecane internal standard and analyzed using the GC method described in the previous section. To analyze for resin acids, approximately 1 mL of the extract solvent was combined with 0.25 mL of 0.1 M aqueous ammonium carbonate. The aqueous layer was removed with a pipette and the organic layer was then dried over 100 mg of 3Å molecular sieves for 1 h. Then, 400 μL of the dried organic layer was added to a GC vial with 50 μL of internal standard and 100 μL of BSTFA, heated to 75°C for 1 h and analyzed by GC using the method described in herein. A flow chart of the extraction process and sample preparation is shown in Figure 2 .
The extraction and derivatization method was validated for recovery of total terpenoids by a standard addition method. The extract solvent from ground PLW, as well as the extract solvent from freshly cut pine sapling cross sections, was spiked using diterpenoid standards. Terpenoids were extracted as described previously and the extract solvent was spiked with two concentrations of abietic acid and neoabietic acid (40-80 μg/400 μL aliquot extract) prior to sample analysis. For these experiments, spiked extraction solvent was washed with ammonium carbonate, dried with molecular sieves, and added to a GC vial containing 100 μL of internal standard stock solution and 100 μL of BSTFA or Methyl-8 reagent (Thermo Scientific). For BSTFA, the vials were heated to 75°C for 1 h; and for the Methyl-8 derivatives, the vials were heated to 85°C for 30 min prior to fast-GC analysis. Standards were also derivatized with Methyl-8 for calibration to test derivatization efficiency.
extraction efficiency evaluation by Pyrolysis-Molecular Beam Mass spectrometry
Pine samples before and after extractions were pyrolyzed using a Frontier PY-2020 iD autosampler pyrolysis unit and pyrolysis vapors were analyzed with an Extrel Model Max1000 MBMS. (Sykes et al., 2009) rate of 0.9 L/min (STP) and furnace temperature of 500°C for a 1.5 min acquisition time per sample, although pyrolysis was complete in <30 s. The interface and transfer lines were maintained at 350°C. Calibration standards for py-MBMS reference spectra of terpenoids were prepared in acetone. Abietic acid was used as a reference for diterpenoids (m/z = 302, 285, 239), caryophyllene was used to reference sesquiterpenoids (m/z = 204), and α-pinene was used to reference monoterpenes (m/z = 93). Solutions of each terpenoid (40 μL of 5 mg/mL) were added to empty pyrolyzer cups containing glass fiber filter disks. The solvent was allowed to evaporate prior to py-MBMS analysis.
extraction of Terpenoids from Pine saplings
Greenhouse-grown loblolly pine saplings (16-month-old) were obtained from ArborGen and grown in a greenhouse at the National Renewable Energy Laboratory prior to sampling. The plants were trimmed 1 cm above the soil and five cross sections, each 2″ apart, were taken from the tree, while the bark was removed immediately prior to taking each cross section sample. Each cross section sample, approximately 50 mg dry weight (100 mg wet weight), was immediately added to a vial containing 2 mL of hexane/acetone and stored at room temperature for 1 h prior to sample analysis by fast-GC/FID. After the biomass was extracted, it was dried in a vacuum oven at 40°C overnight and then 4 mg of the dried biomass was added to 80μl pyrolyzer cups with glass fiber filters for py-MBMS analysis. Unextracted cross section samples were also prepared for py-MBMS analysis.
resUlTs extraction Optimization and py-MBMs analysis
Pine lighter wood was chosen as a feedstock to optimize the extraction conditions, since it is known to have high oleoresin content (Beglinger, 1958) . Py-MBMS of the PLW before and after the extractions was used to quantify the extraction efficiency of terpenoid removal. The intensity of the ions corresponding to the presence of terpenoids in unextracted PLW was considered the starting amount of terpenoids (100%) present in the samples. Figure 3A shows the comparison of intensities of the diterpenoid-based ion, m/z = 302, before and after extractions where the PLW sample was in solvent for 1 h at 22°C (room temperature) using the four different solvent systems. The percent values reported for each extraction solvent correspond to the percentage intensity of each ion lost from the unextracted material, reflecting the approximate extraction efficiency. Ions corresponding to the presence of mono-and sesquiterpenoids were also monitored, but their presence and intensity can also result from the fragmentation of the diterpenoids present in the samples. Hence, these ions were only semi-quantitative and were not used for comparison. Py-MBMS results indicated that the solvent systems that incorporated the polar solvents extracted more terpenoids than the hexane-only extractions. It was also found that the extractions performed at colder temperatures and over longer periods of time (beyond 1 h) did not influence the amount of terpenoids extracted. Error bars in Figure 3A are SD for triplicate extractions. Figure 3B shows that the extraction is also efficient for sapling cross section samples. (The data shown in Figure 3B correspond to the extraction from a single sapling's cross sections; hence, there are no replicates or error bars, which incorporates the biological variability, but not the variability associated with the method). Therefore, the optimal extraction conditions were determined to be the hexane/acetone solvent system for 1 h at 22°C. Additional research to determine the variability of terpenoids within a tree and across trees is currently under way, but was not the focus of this method development work. The amount of PLW used to determine the terpenoid content (approximately 10 mg in 2 mL solvent) was chosen as the concentration of the analytes detected from this amount of sample was within the dynamic range of the calibrations for each analyte. Fresh pine cross section or core samples containing high moisture and lower terpenoid content need to be used in larger quantities, ranging from 20 to 150 mg of dry weight material for 2 mL of extract solvent. While each terpenoid analyte has its own detection limit, the limit of quantification can vary from detector to detector, this method allows for determination of most analytes as low as 0.01 dry wt% of the biomass and some analytes as low as 0.002 dry wt%. The speed of preparation of the samples can vary by individual, but combined with the GC analysis of 3.5 min, the extraction and total terpenoid analysis of 200 separate pine samples per week (800 injections total, counting duplicates) are possible using this extraction technique. By contrast, typical GC methods are on the order of 20-40 min, making the GC analysis of this method approximately 10 times faster, not counting the increased cooling speed between injections of the LTM MACH. Table 1 shows the terpenoid content determined in PLW and PS from fast-GC analysis using the hexane/acetone solvent system for 1 h at 22°C using BSTFA as a derivatizing reagent. The BSTFA was chosen as the optimal derivatizing agent based on the ability to recover known amount of resin acid spiked in extract solvent (where the concentration of resin acids in the extract was previously determined based on external calibrations). Extraction solvent from fresh-cut PS and extraction solvent from ground PLW were spiked with abietic and neoabietic acid to test for the recovery of these resin acids using the selected extraction method. The 1 h room temperature hexane/acetone extraction solvents from PLW samples and PS samples were prepared according to the procedure described in the experimental section and analyzed for total terpenoid content. The extraction solvent was also aliquoted and spiked with abietic and neoabietic acid prior to sample analysis (ammonium carbonate washing and molecular sieve drying) and analyzed for terpene content using the two different derivatizing agents. Table 2 shows the recovery of the total resin acids from the pine sapling cross section samples. The results suggest that the Methyl-8 reagent is not a favorable derivatizing reagent due to its inability to recover all of the resin acids known to be present in the extraction solvent from the fresh-cut pine sapling samples. The Methyl-8 is likely deactivated by the presence of any water or interfering metabolites that prevent methylation of the resin acids. Methyl-8 was capable of recovering more of the resin acids from the lighter wood when not washing or drying the extract solvent, indicating that the fresh samples may contain water or other metabolites that inhibit the methylation of the resin acids. In addition to inefficient derivatization of the resin acids, the Methyl-8 reagent also showed high standard deviations from replicated experiments using the same extract solvent from a particular pine sample. The majority of terpenoids extracted from pine samples can be successfully resolved using a 3.5 min ballistic GC method as shown in the chromatograms in Figure 4 . Monoterpenes that were monitored included α-and β-pinene, carene, and camphene. Sesquiterpenes that were accounted for included humulene, caryophyllene, and bisabolene. Diterpenoid resin acids that were quantified based on the presence of their trimethylsilyl derivatives included pimaric, levopimaric, isopimaric, palustric, dehydroabietic, abietic, and neoabietic acids. This method was unable to resolve isopimaric from palustric acid and levopimaric from dehydroabietic acid so the response from these compounds was averaged for their content determination. Other terpenoid compounds can also be calibrated and accounted for using this method as long as standards are available. While other terpenoids may be present in conifer or pine oleoresin that are unaccounted for using limited calibrated standards or could be co-eluting (particularly the diterpenoids), the total terpenoid content determination may still be accurately reflected using representative standards and responses for each compound, as demonstrated in the spiking experiment (results in Table 2 ) and additionally discussed below.
Validation of Derivatization of the Terpenoid extracts for gc analysis
To validate the calibration and wt% recovery of the terpenoid components based on this analysis procedure, 1 mg of four resin samples secreted from slash pine were extracted in 2 mL of hexane/acetone using the same derivatization method as the calibration standards and the pine extract solvents. The fast-GC analysis of the resins, assumed to be almost entirely terpenoid components, accounted for an average of 97% (±6%) of the mass of the resins based on the presence of the calibrated compounds. Hence, the derivatization efficiency of the pine resin was similar to that of the standards and the solvent-extracted oleoresin from the pine samples can be accurately quantified relative to these standards.
Terpenoid content of Pine lighter Wood
As shown in Table 1 , the PLW sample, having been ground and dried, contained very few volatile monoterpenes, primarily α-and β-pinene. Carene and camphene were not detected in the PLW extract solvent. No calibrated sesquiterpenes were identified in the PLW using this method. Trimethylsilyl diterpenoid resin acids (pimaric, levopimaric, isopimaric, palustric, dehydroabietic, abietic, and neoabietic acids) were detected in the PLW extract solvent. Several types of terpenoids detected in PLW in this study agree with reported terpenoids found in other pine sources (Nerg et al., 1994; Manninen et al., 2002; Bojovic et al., 2005; Ormeño et al., 2007; Bohlmann and Keeling, 2008; Rodrigues-Corrêa et al., 2012; Achotegui-Castells et al., 2013) and show some similarities with terpenoids present in spruce (Martin et al., 2002; Zhao et al., 2010) . For example, the most abundant monoterpenes extracted from PLW were in agreement with the most abundant monoterpenes present in pine wood and foliage, being α-and β-pinene. Other monoterpenes and sesquiterpenes have been detected in the foliage of pine but may have not been present initially in the PLW or could have been lost during the drying of the PLW in this study. Diterpenoids extracted from the PLW are representative of typical oleoresin secretions from conifer trees. The most abundant diterpenoids present in PLW included abietic acid (> 13 dry wt%) and neoabietic acid (> 2 dry wt%), with smaller quantities of isopimaric/palustric acid and dehydroabietic/levopimaric acid (being approximately 2 dry wt%). These diterpenoids are also similar to those identified from spruce (Martin et al., 2002) . PLW, the resinous portion of felled trees or stumps, is known to have higher oleoresin content than the wood, foliage, or bark from the live tree (Beglinger, 1958) . The PLW in this study was shown to have total terpenoid content in excess of 20 wt% (dry basis) if referring to the maximum amount of terpenoids determined from the hexane/acetone extractions. The higher terpenoid composition from PLW in this study is consistent in comparison to the total terpenoid content, being <5 wt%, from the greenhousegrown loblolly saplings in this study and that reported for pine and spruce in the literature (Martin et al., 2002; Thompson et al., 2006; Ormeño et al., 2007; Zhao et al., 2010; Achotegui-Castells et al., 2013) . The SD of the terpenoid content determined for the PLW as reported in Table 1 reflects the reproducibility of the method as each sample of PLW is considered to be homogeneous and should yield statistically similar results for each analysis.
Terpenoid content of Pine sapling cross sections
Chromatograms of the extract obtained from a greenhouse-grown loblolly pine sapling cross section (PS) are shown in Figure 4 . Mono-and sesquiterpenoids elute before 2.1 min, fatty acids elute around 2.5 min, and trimethylsilyl derivatives of resin acids elute after 2.6 min. PS samples were measured for total terpenoid content using the same procedure and GC analysis of the PLW. As shown in Figure 5 and Table 1 , the PS had an overall lower terpenoid content, being 1-3 wt%, than the PLW that had greater than 20 wt% terpenoids. The PS samples, extracted fresh, contained higher monoterpene content, being mostly α-pinene and some β-pinene, than the PLW in each of the cross sections. No calibrated sesquiterpenes were found to be present in the PS. Both the mono-and diterpenoid content of the cross sections varied along the length of the sapling where the top of the plant (position 5) contained more terpenoids than the lower (position 1) and middle sections (positions 2-4). Dehydroabietic/levopimaric acids were the most abundant diterpenoids present in the sapling, being 0.02-0.6 dry wt% of the cross section samples. Abietic acid was also present in high abundance, being 0.1-0.6 dry wt% of the sapling samples. Neoabietic acid and isopimaric/palustric acids were present in lower abundances, being around 0.02-0.2 wt%, and pimaric acid was the lowest, being 0-0.05 dry wt%. Py-MBMS analysis of cross sections before and after extractions showed the 1 h room temperature hexane/acetone extractions to be 87.5 ± 3.6% efficient (the average from five extracted cross sections based on all diterpenoid ion intensities monitored). The SD of each sapling cross section analyzed (reported in Table 1 ) reflects the reproducibility of the GC analysis. As a single cross section is unique in terpenoid content, it was not possible to extrapolate the reproducibility of the method by comparing terpenoid content from different cross sections. Hence, method reproducibility is inferred from the PLW experiments and is <5% for a homogeneous sample.
DiscUssiOn
A variety of solvent systems were used to extract terpenoids from milled PLW and greenhouse-grown loblolly pine sapling cross sections. Different extraction times and temperatures were tested in order to determine the optimal conditions for extracting the maximum amount of total terpenoids from pine wood samples. Py-MBMS analysis of the biomass samples before and after extraction indicated that the single step extraction using hexane/acetone extractions were efficient at extracting the maximum amount of terpenoid components and that the extractions should be performed over 1 h at 22°C. The extraction solvents from the ground PLW and pine sapling cross sections were analyzed by fast-GC/FID, allowing for rapid analysis of the extracted samples to determine their terpenoid content (based on dry wt%). Ground PLW contained more than 20 wt% terpenoids, whereas, the pine sapling cross sections had varying terpenoid content along the length of the sapling, ranging from 1 to 2.3% dry wt total terpenoids. Model compound spiking studies using two types of resin acids indicated the preparation of the samples allowed for complete recovery of the terpenoids into the extract solvent and derivatization of extruded pine resin showed that 97% of terpenoid content could be accounted for using the suggested calibration standards and the suggested GC method. In order to accurately quantify all diterpenoids present, it is essential that all water be removed from the aqueous fraction and freshly activated molecular sieves be used to dry the organic layer. It was found that the average ratio of monoterpenes to diterpenoids in fresh samples should fall within the range of approximately 0.2-0.6 for fresh samples as anything outside of this indicates that there could be inefficient extraction, monoterpene loss, or lack of derivatization of the diterpenoid. This issue was amplified with the fresh wood and it is possible that water in the biomass could be complicating the analysis. This method utilizes a single extraction step using a mixture of a polar and non-polar solvent to extract all types of terpenoids at once and does not require the use of specialized equipment, such as a shaker table or Soxhlet apparatus. The method also does not need the samples to be ground as cross sections of saplings could be extracted efficiently. The preparation and analysis of 200 pine samples/week (counting duplicate analysis of both monoterpene and diterpenoid aliquoted extracts, or 800 injections/week) is possible using this method coupled with fast-GC analysis. Overall, this method is capable of rapidly determining terpenoid content in pine biomass samples, while minimizing solvent extraction steps, equipment usage, sample preparation and handling and increasing GC analysis throughput.
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